The content of phytochemicals in vegetables is strongly affected by genetic, agronomic, and environmental factors, and by transportation and storage conditions, potentially affecting the sensory and putative health-promoting properties. In this study the impact of different agricultural techniques on the phenolics content and antioxidant activity of extracts from a traditional Italian kale landrace, called palm-tree kale (Brassica oleracea L., ssp. acephala DC, var. sabellica L.) was evaluated. Furthermore, the antioxidant effects of the different extracts were assessed in a biological system using primary cultures of neonatal rat cardiomyocytes. The final aim was to evidence whether and how the agronomic practices can affect the antioxidant properties of kale not only in vitro but also in cells. Results herein reported underline the influence of the crop production strategies in establishing the potential health benefits of a vegetable. This research approach could be useful for the selection of production techniques that are able to provide edible vegetables with higher functional activity, and evidences the need to study the food domain as a whole with the nutrition domain, and to integrate all results in order to have an overall "foodomics" vision allowing the improvement of health and well-being.
Introduction
The content of phytochemicals in vegetables is strongly affected by genetic, agronomic, and environmental factors, and by transportation and storage conditions [1, 2] , potentially affecting the sensory and putative health-promoting properties.
Brassica vegetables are rich in many bioactive compounds, including ascorbic acid, carotenoids, glucosinolates, and phenolics [3] , which are supposed to exert positive effects in the human organism [4, 5] . Most of the studies on health-promoting compounds in Brassica vegetables have focused on glucosinolates, organic sulphur compounds that, besides determining the organoleptic characteristics, also possess biological activities such as antioxidant [6] and antitumor activity [7] . However, it is still uncertain if the beneficial effects of Brassica vegetables are ascribable to glucosinolates or to the complex of their phytochemicals profile [8] .
The main objective of this research was to evidence possible differences in the protective effect of extracts derived from a traditional variety of kale, namely palmtree kale, grown with different agronomic techniques. Kale is a primitive leafy Brassica oleracea form. Palmtree kale (Brassica oleracea L., ssp. acephala DC, var. sabellica L.) is a kale landrace cultivated in some Italian areas of inland Tuscany and northern Apennines, where it is used as food, both raw and cooked. It's appreciated for its dark green color and peculiar taste [9] .
Kale has a high health-beneficial potential value due to its richness in antioxidative compounds, including polyphenols and phenolic acids [3, 10] . Total phenolic content in fresh edible parts of kale has been reported to be more than 2-fold higher than in Brussels sprouts, cauliflower, and broccoli [11] ; moreover, kale has been reported to exhibit the highest antioxidant capacity within the Brassicaceae family.
The variability in the composition of kale types in relation to agronomic and environmental factors has been seldom investigated [12] [13] [14] , with almost no reference to activity measured in biological systems. In this study we measured the total antioxidant capacity (TAC) and total phenolic content (TPC) of different aqueous palm-tree kale extracts, then their biological activity was verified by supplementing them to primary cultures of neonatal rat cardiomyocytes. The potential protective activity of kale extracts was assessed in both normal conditions and after an oxidative damage induced by cell exposure to H 2 O 2 , and was compared to the effect of a well-known antioxidant, α-tocopherol (TC), considered the most important endogenous antioxidant in cardiac cells [15] .
Materials and Methods

Materials
All chemicals, reagents, and solvents were purchased from Sigma-Aldrich Co. (St Louis, MO, USA) unless otherwise stated. α-tocopherol (TC) was dissolved in ethanol at a concentration of 5 mM and kept at −20˚C until further use.
Palm-tree kale seeds were obtained by a local seed company based in Cesena (Italy) and directly sown in the open field in March, in the experimental farm of the University of Bologna, Cadriano (Italy). The soil of the site is classified as a fine silty, mixed, mesic Udic Ustochrepts and has a silty loam texture, with 380, 375, and 245 g•kg −1 of sand, silt and clay, respectively. The pH (1: 2.5 soil: water) is 7.9 and organic carbon is 8.5 g•kg , corresponding to the plant population of traditional, handpicked, crops (low, traditional density-TD); 240 plants m −2 , corresponding to the density adopted in mechanized industrial crops (high density-HD);
• nitrogen fertilization in both density plots: a dose of 160 kg•ha −1 nitrogen (160N); a higher density plot was unfertilized thesis (0N) ( Table 1) . The plots were arranged in a randomized block experimental design with three replications. Fully developed leaves were individually harvested at the vegetative stage in June, immediately frozen, and lyophilized.
Extraction of Bioactives from Plant Material
Twenty g of lyophilized leaves, ground to a fine powder in a mill, were mixed by magnetic stirrer with 500 mL of boiling water and then filtered over no. 1 filter paper (Whatman Europe, UK). The filtrates were freeze-dried at 5 mmHg pressure and at −50˚C and then dissolved to solubilize the amount of lyophilized extract derived from 100 mg of fresh leaves in 1 mL of sterile ultrapure water (Milli-Q; Millipore; Bedford, CT, USA). The obtained solutions were filtered on 0.20 μM filters (Whatman) and then used for further experiments.
Analysis of Plant Extracts
Total phenolic content (TPC) of the hydrophilic extracts was determined according to Heimler et al. [16] . TPC was calculated by comparison with a standard curve prepared using gallic acid. The results were expressed as micrograms of gallic acid equivalents (GAE) per mg of extract. Total antioxidant capacity (TAC) was evaluated using the method of Re et al. [17] , as previously described [18] . Briefly, TAC was measured as the quenching of the absorbance at 734 nm (DU730 spectrophotometer; Beckman Coulter Inc., CA, USA). Values obtained for each sample were compared to the concentration-response curve of the standard trolox solution, and TAC was expressed as micromoles of trolox equivalents (TE) per mg of extract.
Cell Culture
Primary cultures of cardiomyocytes were obtained from the ventricles of newborn Wistar rats according to the method of Yagev et al. [19] . The investigation conforms to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication 85-23, revised 1996). Cells were isolated and cultured as previously described [18] . At seeding, the culture medium was replaced with a fresh one containing two different concentrations of kale extract solution (10 or 20 μL•mL −1 medium), or 20 μM TC. Unsupplemented (US) cells received fresh medium with no added extract. Media were changed every 48 h, the last medium change being 48 h before the experiments.
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At complete confluence in a monolayer, in some cells the medium was discarded and Earle's balanced salt solution (EBSS; pH 7.4), containing 0.1 mM of hydrogen peroxide, was added to induce an oxidative insult, while other cells received EBSS without H 2 O 2 (basal condition). After 1 h, EBSS was removed and collected for the determination of lactate dehydrogenase activity, then cardiomyocytes were washed three times with 0.9% NaCl, and cell proliferative activity was assayed.
Lactate Dehydrogenase (LDH) Release
Cardiomyocyte plasma membrane integrity was assessed by measuring the LDH release in the EBSS. After centrifugation, to clear up the sample (250·g for 4 min), enzyme activity was determined spectrophotometrically by using the LDH assay kit (Sigma-Aldrich Co.; St. Louis, MO, USA) according to Legrand et al. [20] . Results were expressed as percentage of US cells in basal condition, assigned as 100%.
Cell Proliferative Activity
Cell proliferative activity was measured using the 3-(4,5-dimethyldiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay [21] . The test was carried out as described previously [18] . Results were expressed as percentage of US cells in basal condition, assigned as 100%.
Statistical Analysis
Data are the means of at least three samples obtained from different cell cultures. Statistical differences were assessed by the one-way analysis of variance (ANOVA) with Tukey's HSD or Dunnett's test, considering p < 0.05 as statistically significant.
Results
The TPC and the TAC of the different extracts are reported in Table 2 . The phenolic content of HD-0N and HD-160N extracts was almost identical, and higher than TD-160N extract. The phenolic content observed in TD-160N extract is in agreement with the results reported by Hagen et al. [12] who detected a phenolic content of ≈17 mg GAE g −1 for a curly kale cultivar sown with a plant density similar to TD. In correspondence to a lower TPC, TD-160N extract showed lower TAC with respect to high density plots.
In basal condition, kale extracts supplementation to cardiomyocytes did not cause any modification in LDH release, apart from a slight increase in cells supplemented with the TD-160N extract at the lowest dose (Figure 1(a) ). As well, cell proliferative activity was not modified by the supplementation of extracts at the lowest concentra- tion; conversely, supplementation at the highest dose caused a significant increase in cell proliferative activity in the order HD-0N>HD-160N>TD-160N (Figure 1(b) ).
Upon the H 2 O 2 -treatment a significant increase in LDH release (+17.3%), and a significant decrease in cell proliferative activity (−22.5%) was detected in US cells. This increase of LDH release was totally prevented in cells supplemented with TC, or palm-tree kale extracts at both concentrations; in most of kale supplemented cell treatments LDH leakage was even lower than in US cells in basal condition (Figure 2(a) ).
In stressed cells TC, as well as the highest concentration of HD-0N and HD-160N kale extracts, totally prevented the decrease in proliferative activity. On the contrary supplementation with TD-160N and with the lower The Agronomic Techniques as Determinants of the Phenolic Content and the Biological Antioxidant Effect of Palm-Tree Kale
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Discussion
High consumption of fruit and vegetables has been proven to be associated with lower incidence and mortality rate of various chronic diseases such as cancer [22, 23] , cardiovascular diseases [24] [25] [26] , and inflammatory-associated conditions [27] by several human cohort and casecontrol studies. Cardiovascular disease causes 1.8 million premature deaths annually in Europe [28] and 10 million in United States [29] . The majority of these deaths are preventable with some modest dietary improvements, like increased intake of fruits and vegetables [29] [30] [31] . In addition to fibers, vitamins and minerals present in fruit and vegetables, phytochemicals may contribute to the protective effects; many plant bioactives have antioxidant capacity, and may protect cells against the oxidative damage caused by reactive oxygen species. The recommendation to increase the daily intake of fruit and vegetables is often disregarded, so a way to enhance the intake of phytochemicals could be to increase their content in fresh vegetables by utilizing crop production practices, e.g. selection of species and cultivars, nutrition and water supply, sowing and harvest time [2] .
In order to evidence the impact of agronomic techniques on the phytochemical content we chose kale as model plant since Italian "black" kale (Brassica oleracea L. var. acephala DC), as well as broccoli, has been reported to possess the highest content total phenolics and flavonoids within the Brassica family [16] . Phytochemical content in plant varies due to cultivar, maturity at harvest, soil and water state, climate (e.g. temperature and radiation level), and postharvest treatments [3, 13] ; in this study we tested kale extracts derived from plant of the same cultivar, grown in the same conditions. In this way we could focus on two agronomic variables only, i.e. plant density and nitrogen fertilization. Palm-tree kale was already demonstrated as suitable to grow at high plant density, according to industrialized production systems [9] . Nitrogen uptake, which is genetically determined, is higher in Brassica than in many other food crops [32] .
No difference in phenolic content was detected between extracts of palm-tree kale grown at the same plant density (high density), differing in nitrogen fertilization only (0 and 160 kg•ha −1 , respectively). Although it has been reported that increased nitrogen availability may decrease the levels of phenolic compounds [33] , and that minimized nitrogen fertilization is necessary to obtain high phenolics content in Brassica oleracea var. costata [34] , our data suggest that nitrogen fertilization is not a determinant of phenolic concentration, at least in palmtree kale and in the tested conditions. On the contrary, plant density seemed particularly important in determining the phenolic content, TD-160N palm-tree kale extract having a lower TPC than HD-160N one. The influence of plant density on phenolic content could be the result of factors related to plant competition, as light, nutrients, and water [35] .
Supplementation with palm-tree kale extracts to cultured cardiomyocytes had no toxic effect in basal condition, and increased cell proliferative activity. Kale extracts have been reported to inhibit proliferation of several cancer cell lines [36, 37] ; it is worth noting that primary cardiomyocytes are not neoplastic cells, and normal cells can behave differently from neoplastic ones. Thus, in our case, the kale pro-proliferative effect should be considered positively.
Kale extracts supplementation counteracted the adverse effects of hydrogen peroxide exposure, protecting cells from oxidative damage. Regarding LDH release, the 
Conclusions
The effect of different agronomic factors on edible plant bioactive content and the consequent impact on the plant effectiveness in biological systems is poorly studied. Our results indicate that agronomic techniques, particularly plant density, have an impact on the protective effects of palm-tree kale in cells via a modification of total phenolics and antioxidant activity in the plant. This research was not aimed to the demonstration of a preventive dietary effect of palm-tree kale, since we acknowledge that results in whole organisms may diverge from those in cultured cells because of bioavailability and metabolism of bioactive components. The results herein reported can be useful for the selection of production techniques that are able to produce edible vegetables with higher functional activity, and evidence of the advantage of screening agronomic variables prior to select plant food for clinical studies. The phytochemical content of plant food varies widely according to varieties, environmental and agronomic characteristics, but these differences are neglected while studying the health effects of foods, and could be one reason for discrepancies among the different trials concerning the same food.
There is therefore the need to study the food domain as a whole with the nutrition domain, and to integrate all results in order to have an overall "foodomics" vision allowing the improvement of health and well-being [38] .
